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ABSTRACT
The problem undertaken for study was as follows:
Does a change in muscular effort produce a proportional
change in muscular action potential?

A research design

was developed, using electromyography, which would pro
vide data for the study.

The problem was stated; a re

view of literature was compiled; the data were collected
and statistically analyzed; and conclusions were drawn.
The recapitulation of the literature showed a in
creasing interest in the use of electromyography from its
introduction as a research tool approximately thirty
years ago.

Because of the improvement in the field of

electronics, electromyography has at present developed
into a widely accepted technique.

Modern instrumentation

requires the use of a transducer, pre-amplifier, power
amplifier, and a writing unit for recording the electro
myogram.
A Beckman R type dynograph was used to record elec
tromyograms from the right medial Biceps Brachii on 103
Uhiversity of Maryland students.

The subjects were,

asked to hold maximum tension at a ninety degree elbow
flexion against a specially constructed effort apparatus
for a time period of five seconds while an act5.on poten
tial record was taken.

The effort score was divided in
vii

half and then in fourths.

These effort levels also were

held five seconds and recordings were taken.

The entire

bout was repeated starting at maximum effort, through
one-half effort, and to one-quarter effort.

A direct and

an integrated electromyogram were simultaneously recorded.
In the case of the integrated record, the area under the
curve was used to obtain an arbitrary planimeter score.
However, the direct record was analyzed by counting the
number of spikes.

The zero-order coefficient of correla

tion technique was used in computing the reliability and
relationships of one variable with another.

The orthogonal

polynomial analysis of variance was applied to the action
potential scores for indicating trend.
The conclusions of the present study are based upon
the data that were collected and analyzed in an effort to
answer the proposed problem:

Does a Change in Muscular

Effort Produce a Proportional Change in Muscular Poten
tial?

The conclusions were that:
1.

The research pattern provided for three dif
ferent proportional levels of effort that
caused the muscle to produce three different
action potential levels.

The action po

tential produced by the muscle had a non
proportional linear relationship with the
decrease from maximum effort to one-quarter
maximum effort.

Therefore, a change in

viii

muscular effort does not produce a propor
tional change in muscular potential.
The data from this study indicated little
relationship between effort scores and
action potential scores.

Individuals that

scored the same in effort produced a wide
range of scores in action potential.
Therefore, neither action potential nor
effort can be predicted from each other.
Action potential scores obtained from a one
second period seemed to be as representa
tive as a total score from a three second
period.

Therefore, a one second action

potential recording may be adequate for
evaluating short static exercise bouts.
The impedence between the face of the electrode
and the outer surface of the skin when re
tained below 9,000 kilohms seemed to have
. little effect, if any, on the action poten
tial records.
An hypothesis was made that the thickness of
the epidermis and the subcutaneous layers
between the silver disc electrode and the
muscle fibers might influence the action
potential scores.

However, no evidence

was found to substantiate this hypothesis.

6.

The instrumentation and the application of the
data procurement technique for this study
proved to be reliable, which supported the
growing evidence that electromyography can
be used as an accurate research tool.

x

CHAPTER I
INTRODUCTION TO PROBLEM
Introduction
Researchers in physical education have become in
creasingly interested in electromyography as a basic
research tool.

Through the process of electromyography,

the researcher has been able to record a pattern repre
senting the electrical exchange occurring when muscle
activity is present.

This pattern can be subjected to

a qualitative analysis or a quantitative measurement.
Regardless of the method of evaluation, the represen
tative action potential curve has been compared with
other known phenomena resulting in additional informa
tion pertinent to a better understanding of human move
ment.
A clearer understanding of the variability occurring
in an electromyograph from day to day, from individual
to individual, and within an individual must evolve before
adequate and intelligent inferences can be made.

'Hie

provocation for a better tinderstanding of a basic research
tool, electromyography, led to the present research
project.

2
Problem
Does a Change in Muscular Effort Produce a Propor
tional Change in Muscular Action Potential?
Significance
At the present time, a study involving electromyo
graphy is primarily concerned with the discovery of
information classified as basic research.

However, the

following specific, adaptable findings may be significant
for applied research:
1.

The findings will possibly contribute to
the basic knowledge pertaining to action
potential as it relates to muscle effort.

2.

Electromyography, as used in the present
research, can possibly be established as
being a valid and reliable tool for
evaluating action potential.

3.

Practical application of the findings may
be realized by persons involved in
rehabilitation and in adapted physical
education activities.

4.

Findings may stimulate others to further
study of the exact nature of muscle
action potential through the use of
electrophysiological techniques.

Scope
One hundred and six University of Maryland students
served as subjects.

The sample ranged from eighteen

years to twenty-five years of age with an average of
nineteen years.

Action potential records were obtained

only from the medial biceps brachii with the lower arm
at a ninety degree angle with the upper arm.

No dis

tinction was made as to whether the effort position from
which the electromyographies were made was isometric or
isotonic.
Limitations
The limitations to the present study were as
follows:
1.

The electromyographies were taken with the use
of surface electrodes and some artifacts
may well have been present.

2.

The data were collected with the realization
that some deviation may have occurred from
the ninety degree angle since the resistance
was supplied by a spring type tensiometer.

3.

Most instruments that convert direct recordings
of action potentials into integrated curves
possess inbred characteristics that serve
as limiting factors.

The Beckman Type R

Dynograph possesses frequency limitations,

4
set constants, and other characteristics
as explained in the manual, Instruction,
1
Type R and Type RG Dynograph.

Park:

Instructions. Type R and Type RC Dynograph. Scheller
Beckman Instruments, Inc., Offner Division, 1966.

CHAPTER II
REVIEW OF THE LITERATURE
Recapitulation
Many studies have been done with the use of electro
myography as a research tool.

Basmajian gave the main

credit for launching the development of electromyography
some thirty years ago to Adrian and Bronks, English phy
siologists and to Deny-Brown.

However, these earliest

techniques were not adequate for detailed studies.

Not

until the second World War did electronics develop to an
extent that improved techniques were possible in electro
myography.

During the war period and the era of the

fifties, anatomists, kinesiologists, and orthopedic sur
geons began to make increasing use of electromyography.
Although the past has provided studies almost clinical
in nature, the trend in the use of electromyography in
dicates that more and more functional research is being
done.^
Investigation has been done in abnormal as well as
normal muscle action.

Sheffield states:

"Electromyo

graphy has served to eliminate much of the guess work

J. V. Basmajian, Muscles Alive: Their Functions
Revealed by Electromyography (Baltimore1; TKe Williams
and Wilkins Company, 1*62;,pp. 1 - 40.
5

previously employed in Kinesiology studies.

This method

makes it possible to demonstrate and study the dynamic
interaction of muscle groups in normal human movement."

2

Hirschberg and Dacso substantiated the use of elec
tromyography as a research tool in Kinesiology and by so
doing, substantiated in general the wide application of
recording action potential.

With the use of action poten

tials, Kinesiology of muscle can be studied by evaluating
which movements can be accomplished by a given muscle or
which muscle or muscles participate in a given motor act.
Electromyography serves as a useful tool for the followin
reasons:
1. Muscular contraction is always accom
panied by action potentials, and there are
no action potentials without muscular con
traction. 2. Since for all practical pur
poses the action potentials start and cease
with muscle contraction this method permits
an accurate timing of muscular contractions.
3. Total amplitude of the deflections in
one experiment is related to the strength
of muscular contraction. 4. If the record
ing is done with a multi-channel oscillo
graph, simultaneous recordings of several
muscle groups can be obtained. 5. Since
the skin electrodes consist of small metal
discs which may be connected to the record
ing machine by long thin wires, the method
permits full freedom of action in the exe
cution of motion, 6. The kinesiological
record obtained by the electromyographic
method gives an immediate picture of
2

Frederick J. Sheffield, "Electromyographic Study
of the Muscles in Walking and other Movements,11 American
Journal of Physical Medicine. XLI (1962), 142.

7
muscular activity, and also serves as a
permanent and objective record for com
parison with later studies.3
Some research has been done to assist in a better
understanding as to the nature of electromyograms.
Hirschberger and Dasco purport that in the contracting
muscle the motor unit contracts rhythmically and repe
titively, thereby producing changes in the electrical
potential.

Moreover, the potential changes produce an
4
interference pattern.
In discussing the nature of electromyography,

Basmajian,"* Denslow,^ Lindsey,^ and Walters and Partridge^
stated views similar to that of O'Connell:

G. C. Hirschberg and M. M. Dacso, "The Use of
Electromyography in the Study of Clinical Kinesiology
of the Upper Extremity," American Journal of Physical
MedicineXXXII (1953),
4Ibid.. p. 14,
^Basmijian, Loc. Cit.
g
J. S. Dens low and C. C. Hasset, "The Polyphasic
Currents of the Motor Unit Complex," American Journal
of Physiology, CXXXIX (1943), 652-58."
^D._B. Lindsley, "Electrical Activity of Human
Motor Units During Voluntary Contraction," American
Journal of Physiology, CXIV (1935), 90-99.
Q

C.
E. Walters and M. J. Partridge, "Electromyo
graphic Study of the Different Action of the Abdominal
Muscles During Exercise," American Journal of Physical
Medicine. XXXVI (1957), 25T.
----

8
The electromyogram is a record of
electrical changes occurring in the
muscles immediately prior to, and
during its contraction. At this time
the muscle broadcasts electrical dis
turbance (action potential). The
electrode forms an antenna system and
is so placed as to pick up this elec
trical activity.9
From the physiological point of view, the nature of
action potential was thought to be an exchange of ions
from intra-cellular to an extra-cellular position.

The

exchange caused by excitation of the equilibrium that
exists when the muscle was at rest acts like a capacitor
that was being discharged.

The combined passive and

active influx of sodium ions produces the ascending
portion of the action potential spike.

The descending

portion is caused by the effect of the outward flow of
the potassium ions.

10

The spike effect forms the basis

of the electromyogram.
Electromyography, as any research tool, may possibly
have limitations.

The shortcomings, according to Hirschberg

and Dasco, were that the instrument with the use of sur
face electrodes measures only the superficial portion of
the muscle, and there was only an approximate relationship
9
A. L. O’Connell and E. B. Gardner, "The Use of
Electromyography in Kinesiological Research," Research
Quarterly. XXXIV (1963), 167.
10

G. N. Loofborrow, "Neuromuscular Integration",
Science and Medicine of Exercise and Sports, Warren R.
Johnson, editor (New York; Harper, I960),' pp. 82-86,

9
between strength of contraction and amplitude of the
tracing.11
Related Studies
Numerous studies have been done that pertain directly
or indirectly to the present project.

These studies were

both clinical and non-clinical in nature, thereby serving
the need of basic research as well as functional or
applied research.
Several studies indicate relative silence or elec
trical inactivity when the muscles are in a relaxed state.
Portnay and Morin, when studying postural muscles in
various positions and movements, found complete electri
cal, silence in all subjects when the elbow or thigh
sitting position is assumed. 12

Walters and Partridge

used the "related silence" as an explanation of the use
of electromyography for Kinesiological analysis:

"Since

a muscle displays silence at rest, the pressure of
electrical activity in a muscle denotes activity in
Kinesiological studies." 13
11

Hirschberg and Dasco, 0£. cit., p. 20.

12

Harold Portnoy and F. Morin, "Electromyographic
Study of Postural Muscles in Various Positions and
Movements," American Jcurnal of Physiology, CLJQOCVI
(1956), 122.------------------- “---- “ •
13
G. Etta Walters, and others, "Kinesiology and
Activity Analysis, " Research Methods in Health, Physical
Education, and Recreation (Washington. D. C.: American
Association for Health, Physical Education, and Recrea
tion, 1959, second edition), pp. 226-30,

10

In addition, Lindsey investigated single motor units
when voluntary contraction was present.

Using six normal

subjects, he found no electrical activity demonstrated
14
in any part of a relaxed muscle.
Sheffield also reported that "none of the ten subjects
which he examined revealed abdominal muscle activity while
standing with the feet placed six inches apart and with
the subject relaxed." 15
However, Herbert de Vries emphasized that previous
work concerning .the theory of tonus has at least one of
four deficiencies.

He stated that previous studies may

have lacked sensitivity, lacked in adequate sampling,
lacked correction for thermal noise, and lacked integration.
In his study, he purported that although electrical
silence had been corroborated in some well-relaxed resting
muscles, nevertheless, "the hypothesis of electrical
16
silence in postural muscles was not substantiated."
A similar conclusion was reported by de Vries in a study

D. B. Lindsley, "Electrical Activity of Human
Motor Ufciits During Voluntary Contraction," American Journal of Physiology. CXIV (1935), 90-99.
•^Sheffield, 0£. Cit., p. 146.
16
Herbert de Vries, "Quantitative Electromyographic
Studies of Muscle Tonus," Abstracts of Research Papers.
(Dallas: American Association of Health, Physical
Education and Recreation, 1965), p. 57.

11
involving five different postural muscles--anterior
tibialis, gastro-soleus group, quadriceps femoris, ham,
. 1 7
strings muscles,
and erector spinae.
In discussing the above deficiencies, Hayes

1.8

attri

buted the thermal noise to the molecular action that may
possibly originate in muscle tissue and suggested a for
mula for correcting the recordings.

He also stated that

an instrument between twenty and two hundred cps would
be adequate for recording action potential.
Various characteristics of action potentials were
found in studies pertaining to patterns of electrical
activity within an individual and between individuals,
to number, placement and types of electrodes, to the
influence of fatigue upon the recordings, and to the
positions of levers in movement.
Slaughter19 reported that, in the case of four
subjects used in his study on arm movement, the magnitude
of the electromyogram varied with each subject, but the
patterns of response were approximately the same.

More

. "Muscle Tonus in Postural Muscles,"
American Journal of Physical Medicine, XLIV (1965), 275-91.
^K. J. Hayes, "Wave Analysis of Tissue Noise and
Muscle Action Potentials," Journal of Applied Physiology,
XV (1960), 749-52..
--------------1
19

D.
R. Slaughter, "Electromyographic Studies of
Arm Movements," Research Quarterly. XXX (1959), 326-37.

12

specifically, Herman evaluated four recordings on each
of six subjects that displayed three different abilities
in putting the shot.

In studying a group of selected

muscles involved in the action of putting the shot, he
found "the pattern of acceleration that results in the
greatest final velocity when the shot is released is a
gradual increase in acceleration during the movements
across the circle, with a large increase in acceleration
during final shoulder and arm thrust."

20

In contrast to the conclusion of similarity in
patterns, Slater-Hammel in his analysis of the golf
21

stroke

22

and the tennis stroke

from individual to individual.

found varied differences
In the latter study,

using eight muscles or muscle parts, he found extensive
variations from subject to subject in timing and general
coordination.

In his study on the golf swing he used

four subjects and concluded that the contraction-movement
relationships for subjects often vary widely from those
20

G. W. Hermann, "An Electromyographic Study of
Selected Muscles Involved in the Shot Put," Research
Quarterly. XXXIII (1962), 92.
91

Arthur-T. Slater-Hammel, "Action Current Study
of Contraction-Movement Relationship in Golf Strokes,"
Research Quarterly. XIX (1948), 164-75,
22

"Action Current Study of ContractionMovement Relationships in the Tennis Stroke," Research
Quarterly. XX (1949), 424-31,

13
postulated by the traditional Kinesiological analysis.
Moreover, Liberson23 , in his study of ten subjects
while they were doing repeated isometric, maximal exer
cise, cites data indicating individual patterns of
action potential.
Some research has been done to determine the reason
for the differences in the data.

The studies suggested

that the number, type, and placement of electrodes may
contribute to these differences.
24
Using thirty subjects, Moyer
studied the temporemandibular movement and concluded that a complete know?ledge of the exact nature of muscle contraction at a
given moment cannot be provided by the recording of a
single electrode.
25
O'Connell
suggested that the size and distance
between electrodes should be a major consideration in
designing electromyographical studies.

For example, for

the larger muscle, electrodes eight millimeters in diame
ter should be used as compared to three millimeters for
23
W. T. Liberson, and others, "Brief Repeated
Isometric Maximal Exercises - An Evaluation by Integra
tive Electromyography," American Journal of Physical
Medicine, XLI (1962), 3-137
---24
Robert E. Moyers, "An Electromyographic Analysis
of Certain Muscles Involved in Temporomandibular Move
ment," American Journal of Orthodontics. XXXVI (1950}*
4 8 9 . ---------- :
----------------*
2^0'Connell, o£. Cit. p. 166.

14
smaller muscles.

In both cases the electrode placement

should be over the belly of the muscle and away from the
margins.

Also, the type of electrode, whether internal

or external, should be selected in terms of the purpose of
the study or the information desired.
Paterson

went on to suggest that in order to obtain

comparable results the type of electrode must be standardized. In polyphasic action currents, Denslow27 found that
the pattern of discharge was influenced by the type and
location of the electrode,

Moyers purports "The surface

electrode may be reporting an apparently different picture
than either the monopolar or coaxial needle electrodes.
Thus, the observer must show care in interpreting readings
from different types of electrodes."28
The physiological phenomenon of fatigue appeared to
be of consideration in electromyography.

Since the

electrical activity was thought to be initiated by a
chemical exchange started by some stimulus, the assumption
would seem logical that fatigue would have some effect on
the electromyograms.

Electrophysiological techniques have

been used for studying the motor apparatus of man in
26
I. Paterson and E. Kugelberg, "Duration and Form
of Action Potential in Normal Human Muscle," Journal of
Neuro. Neuro.-Surg. and Psychait.. XII (1949), 128.
27

Dens low, 0j>. Git., p. 57.

^Moyers, 0£. Cit.. p. 488.

15
fatigue.

Scherrer and

Bourguignon^

studied the changes

in the electromyogram assumed to be produced by fatigue
in each subject.

They found that when exercising the arm

an increase in the amplitude and a decrease in the fre
quency of charge and discharge occurred in the recording.
In addition, Edwards and Lippold, 30 and Lippold31 with
the use of surface electrodes studied the phenomenon of
the relation between the electromyogram and isometric
tension change during fatigue.

In these two investiga

tions, the conclusion was that a linear relationship
seemed to exist between the summated amplitude of the
electromyogram and the change in tension.

Although a

linear relationship was maintained during fatigue, the
slope of the line was such that more muscle fibers were
brought into play during fatigue; therefore, there was
an increase of amplitude of summated scores.
Similar to Lippold's results were those of Person,
who used both qualitative and quantitative techniques in
evaluating the electromyograms recorded during a work load
29
J, Scherrer and A. Bourguignon, "Changes in the
Electromyogram Produced by Fatigue in Man," American
Journal of Physical Medicine. XXXVIII (1959), l57.
30
R. G. Edwards and O.C.J. Lippold, "The Relation
Between Force and Integrated Electrical Activity in
Fatigued Muscle,*1 Journal of Physiology. CXXXII (1956),
677-81.
■^O.C.J, Lippold, "The Relation Between Integrated
Action Potentials in a Human Muscle and it's Isometric
Tension," American Journal of Physiology. CXVII (1952),
492—99.

16

done until the point where it was impossible to continue
because of fatigue.

He found that the amplitude of the

electromyogram was increased and the frequency was de32
creased because of fatigue.
In another study where
Person collaborated with Golubovich, approximately the
same procedure was used except that the blood was re
stricted. Like results occurred: an inverse relation33
ship.
However, Zukov and Zakhariants, using the arm
flexion of ninety degrees, found results indicating that
contractile forces of the muscle fibers were reduced and
the increase in the electrical activity of the muscle was
no longer accompanied by any considerable increase in the
force of the contraction. 34
After a listing of studies and the relationship of
fatigue and electromyography from 1912 to 1959, Zukov and
Zakhariants stated:

’’Thus the view that there is increase

in the size of and increase in the regularity of the elec
trical activity of a muscle in the presence of fatigue
32R. S. Person, "Electromyographical Study of the
Activity of the Motor Apparatus of Man in Fatigue,'1 Fiziol.
zh. SSSR, XLVI (1960), 10-18.
“---- 33
R. S. Person and Golubovich, "Electromyographic
Investigation of Fatigue in Man in the Presence of Arti
ficial Ischemia of the Active Muscle," Fiziol. zh.SSSR,
XLVI (1960), 1181-7.
----- -----^E. IC. Zukov and Iu. Z. Zakhariants, "Electrophysiological Data on Some Mechanisms for the Overcoming of
Fatigue," Fiziol. zh. SSSR. XLVI (1960), 819-27.

17
can now be regarded as completely valid."35
■:
Strength training and analysis of movement have been
variables in studies using electromyography as a research
tool.

When making a comparison of pre-training and post

training scores, Ramsey reported an increase in strength
and in action potential that was statistically significant
at the five percent level of confidence.

These results

indicated that when the muscle increased in strength, the
action potential increased as measured by integrated
electromyography. 36 A study by Liberson and Asa concluded
that the amplitude of muscle twitches was increased after
37
a brief training period of isometric exercise.
On the
other hand, Gilson concluded from his study on single
motor units during slight voluntary effort that "no evi
dence has been observed which seems to support the state
ment that there is increased amplitude of the single unit
spike with increased muscle tension,"38

35Ibid., p. 960,
36
Frank H. Ramsey and Harry K. Compney, "Effect of
Strength Training on the Action Potential of Human Muscle,"
Abstracts of Research Papers (Washington, D. C.: American
Association for Health, Physical Education, and Recrea
tion, 1965), p. 56.
37W. T. Liberson and M, M. Asa, "Further studies of
Brief Isometric Exercise," Archives of Physical Medicine
and Rehabilitation, XL (1959), 335.
■^A. S. Gilson Jr. and W. B. Mills, "Activities of
Single Motor TJfoits in Man During Slight Voluntary Effort,"
American Journal of Physiology. CXXXIII (1941), 669.

18
Cross exercise effects have been investigated by
oq

ah

Pannin 7 and Sills

through the use of electrophysxo-

logical techniques.

The evaluation of the electrograms

from these two studies, according to the authors, provided
no substantial evidence to support significant effects
from cross exercise on the unexercised arm.
Hellebrandt investigated the reflex training tech
nique with the use of electromyography.

He found that

reflexes apparently assist the control of the head posi
tion and in turn the head position facilitates, the
performance. 41
Electrophysiological techniques have also been used
in studies concerning analysis of movement.

Slater42
Hamrael, for example, evaluated sport skills.
Walking
43
was analyzed in a study by Sheffield
in which he found
that at sixty steps per minute there was very little
activity in the lower rectus, upper rectus, medial and
39
Nicholas Pannin, and others, "Electromyographic
Evaluation of the Gross Exercise Effects," Archives of
Physical Medicine and Rehabilitation. XLII (l96I), 47^52.
40
Frank D. Sills and Arne L. Olson, 'Action Poten
tials in Tjhexercised Arm When the Opposite Arm is Exer
cised," Research Quarterly. XXIX (1958), 213-21.
^F. A, Hellebrandt, and others, "Tonic Neck Reflexes
in Exercises of Stress in Man," American Journal of Physical Medicine. XXXV (1956), 1581
42
Slater-Hammel, Research Quarterly. XIX (1948),
164-75; Research Quarterly. XX (1949), 424-31.
43
Sheffield, 0£. Cit., pp. 142-47.
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Lateral abdominal muscles.

In other movements such as

the »V-Ups" with legs straight (flexion at the waist),
he found the abdominals very active.

Walters also veri

fied extreme activity for the abdominal muscles when
doing the "V-Up" and concluded that this is one of the
most effective exercises for all the abdominal muscles.
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In the fieLd of electromyography, some studies have
been done to evaluate the effectiveness of the instrument
itself.

A quantitative method of evaluating direct
recordings was presented by Sigerseth. 45 A value scale
from zero to four was assigned to the various parts of
the records of the action potentials.

A no action, weak

action, medium action, strong action, and a very strong
action potential were rated numerically from zero to
four respectively.
Rantjin, et al, analyzed the electromyograms ob
tained from biceps with the arm at a ninety degree
flexion and under isometric exercise.

They found that

the spike count of surface electromyography deviated
markedly, especially at high force levels.

The authors

also contended that further study needs to be done to

Walters and Partridge, American Journal of
Physical Medicine. XXXVI (1957), 2^7.
’
^P. 0. Sigerseth and C. H. McCloy, "Electromyogra
phic Study of Selected Muscles Involved in Movements of
the Upper Arm at Scapulohumeral Joint," Research
Quarterly, XXVII (1956) 409-17.

quantify the flexor muscle system electromyographically in order to relate.it quantitatively to force
46
with repeatable results.

46Ron Rantjen, and others, "Two Ana lyses of EMG
Compared to the Force Exerted During Isometric Elbow
Flexion at 90°," Mimeograph Paper Presented at the
Physical Medicine and Rehabilitation Congress, 1966.

CHAPTER III
PROCEDURE
Over-all Procedure
A systematized, pre-established procedure was de
vised in order to collect data that may offer results
for drawing inferences concerning the proposed problem.
The procedure was divided into the preparatory instru
mentation phase, the actual recording bout, and the
statistical technique phase.
Effort Measuring Apparatus
An apparatus was constructed to serve two main
purposes in the process of obtaining an electromyography.
First, the tensiometer was designed to provide the resis
tance and indicate the kilogram effort score.

Second,

the apparatus served as a base for placing the arm during
the testing bout (Figure 1).

The C. H. Stoelting Company

Kilogram hand tensiometer was mounted vertically on a
solid board up-right.

Attached to the up-right was a

six inch pulley, positioned to allow a cable to pass in
line from the center spindle of the tensiometer, around
the pulley, to the position where a handle was provided
for the subject.

(A special nut connector with set

screws was made to attach the cable to the center spindle.)
21
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The pulley was also located at a height from the base
that would provide the least amount of angle for differ
ent lengths of the forearms, thereby giving each subject
approximately the same angle of pull during the perform
ance.

The distance from the rim of the pulley to the

up-right was five-eighths, of an inch, and the distance
from the base to the rim of the pulley was twelve and
five tenths inches.

FIGURE 1.
EFFORT MEASURING APPARATUS
The vertical up-right portion of the apparatus was
mounted on a wooden base with appropriate braces for
stability.

A one inch firm rubber composition pad was

used for placing under the arm.

A twelve inch cable,
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measured from the center of the pulley to the handle,
was used to allow the subject to pull against the ten
siometer while maintaining approximately a ninety degree
angle.
The entire apparatus was attached to a mechanical
adjustable base for varying the height to allow for
different torso lengths.

Also, the dial of the ten

siometer was mounted so that the subject could use it
as a reference point during the testing bout (Figure 1).
Recording Instrument .

>

A Beckman type R dynograph recorder mounted in a
BMM/B Console was used to obtain the electromyographs

FIGURE 2.
BECKMAN CONSOLE MODEL TYPE R DYNOGRAPH
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The Type R Dynograph is a highly-sensitive oscillograph
that can be used for recording simultaneous signals from
many different sources.

However, for the present project,

only two recording channels were used.

Number one channel

recorded the direct reproduction of the action potential,
and at the same time the number two channel reoorded an
integrated action potential.

The simultaneous recordings

produced from the same electrical impulse were made possi
ble by attaching two jumper wires.

An end of one wire was

connected to the nA" post of channel number one and the
other end to ’’A” post of channel number two.

An identical

wire was connected to the nB" post of each channel (Figure
3).

FIGURE 3.
THE JUMPER WIRES AS CONNECTED TO
THE INPUT POST OF THE DYNOGRAPH
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The ion flow of the biopotential signal was trans
formed into an electrical impulse by the electrode as a
transducer.

The electrical signal was received by the

preamplifier, which has the capacity for amplification
with negligible distortion.

From the preamplifier cir

cuitry, the modified signal went to the power amplifier
which magnified the signal and drove the writing needle.
Thus an ink recording of the action potential signal
appeared on paper channeled for each needle.
Characteristics of the type R dynograph, such as
the mechanical features inherent in the instrument due
to design, are thoroughly explained in the instructional
manual supplied to the user by the Beckman Corporation.^
Each phase of the instrument has its own limitations.
Robert Czajkowski explained some of the factors influ
encing the integrated circuitry and offered the following
correction of the manual:
Our Type 9852 EMG Integrating Coupler has
as its purpose to give a D. C. output pro
portional to the area under the curve of
the A. C. input. The input signal is first
amplified by the Type 481 preamplifier,
with the signal by-passing the chopper.
This means that it is handled strictly on
an A. C. Basis, and any D. C. bias is eli
minated. The signal is then rectified by
the circuitry in the Type 9852 coupler to
convert to D. C. through diodes and an
integrating filtering circuit. The charging

^Instructions. Type R and RC Dynograph. Schiller
Park, Beckman Instrument Inc., Offner Division, 1964.
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and discharging time-constant of this
filtering circuit determines how fast
the D. C. output is allowed to respond
to changes in the A. C. signal. The
charge time constant for the Type 9852 is
0.01 seconds, which means that for a given
A. C. input signal, the output will reach
67% of its final D. C. value (proportional
to the area under the input signal curve)
in one time constant of 0.01 seconds. The
total delay in response of the circuit is
three time constants for 95% of final out
put, or 0.03 seconds. The discharge time
constant is 0.1 seconds (not 0.2 as stated
in your manual). This time constant deter
mines the rate of decrease of the D. C.
voltage output. Thus* there are two time
constants to be considered. For voltage
increases the charging time constant
(0.01 seconds and for voltage, decreases the
discharge time constant (0.1 seconds). The
specific answer to your question as to whether
there is a lag is uyes,r.
The lag in response of the amplifier system
will depend on whether the integrated area
is increasing or decreasing, and will be
approximately three times the appropriate
time constant.
The instrument used in the present project had >an
ink type writing system fed through capillary action
and at high frequencies, by centrifugal force.

The

pen-to-paper frictional effects were negligible, thus
enabling the needle to react to a very small difference.
The metal pen strikes an accurate fine-line tracing that
was very adequate for use with the planimeter method of
measuring.

A copy of the letter appears in Appendix A.
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A built-in calibration system was provided on the
sensitivity control.

A n2CMf? position furnished an

accurate constant signal to the amplifier input that
caused the pen to deflect exactly two centimeters on
the chart paper, thereby providing an accurate and
easily obtainable calibration.
Besides the ordinary off-on power switches and
operating switches, certain controls were set to provide
means for obtaining adequate recordings, both direct and
integrated.

The preamplifier, sensitivity selector

switch for channel one was placed on the position marked
ten.

The same switch for channel two was set at five.

The power amplifier sensitivity control, using the red
scale, for channel one (direct recording) was set on X.1.
The same switch on channel two was set on XI.
The zero suppression control for channel one was
set to allow the needle to form a baseline in the middle
of the channel.

The zero suppression control for channel

two was set to allow the needle to form a baseline ten
millimeters from the top of the channel.
The paper speed selector control was placed so that
the clutch could be engaged in the last right hand posi
tion to give the speed of two hundred fifty millimeters
per second.
The mode selector switches were set; on number one
channel the toggle switch was placed on the position

marked direct, and on number two channel the switch was
placed in the position marked integrate.
The 9014 Type Polarity reversing panel toggle switch
was set at the normal position for channel one; for chan
nel two the switch was set on the reverse position.

The

position of number two channel toggle switch allowed the
integrated records to be made with the larger differential
moving the needle away from the instrument panel.
Electrode
Beckman Biopotential Skin electrodes were used to
provide a signal for recording (figure 4).

The disc,

self-adhering surface electrode consists of a deep
imbedded silver disc, a plastic housing, and a soft-wire
lead.

Figure 4.
THREE-ELECTRODE ASSEMBLY (SELF ADHESIVE DISC TYPE)
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The plastic housing has a perforated grid that
protects the element and forms a cavity for the electro
lyte paste.

The facing of the housing forms the founda

tion for attaching the self-adhering collar.
The electrical contact is established with the
electrolyte paste.

The ion flow from a biological origin

passes through the skin, through the electrolyte, and
reacts with the pellets.

The reaction signal is trans

ferred to the recording instrument by means of the softwire lead from the electrode (Figure 5).

SILVER

PELLET

OUTPUT

oQo,
ADHESIVE COLLAR
--------------------------------

\

y

cjO»o[f_.,»;Vt.

*
XELECTROLYT^

GEL

FIGURE 5
CROSS-SECTIONAL VIEW OF ONE ELECTRODE

LEAD

30
A three-electrode assembly was used with the black
and red electrodes serving as the active leads and the
white serving as a common or ground lead.

The ground

lead served as a ground from the body to the instrument;
and the instrument was grounded to the power source by a
pre-construeted internal grounding system,
Impedence Indicator
The integrating Bioelectric Monitor Model #100
(Figure 6) manufactured by the Newport Laboratories of
Newport Beach, California, was used to measure the im
pedence at the face of the electrodes.

The instrument

supplies a known self-induced current through the elec
trodes and then measures the interference.

A low im

pedence score indicates a better connection at the skin
surface-electrode junction, thereby providing a better
iifitn for recording electromyographs.
The dials were set as directed on page thirteen in
the Newport Instructional Manua 1

“When the impedence

measurement mode is used, the LOW PASS HZ switch must be
set at 1.0 hertz and the HIGH PASS HZ switch must be set
3
at 102C hertz.”
3
^Instructional Manual - Intepreting Bioelectric
Monitor, Model 100, Newport Beach: Newport Laboratories,
Inc., 1966.
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The face of the reading dial from which scores were
taken was graduated in units of Ohms.

A soft wire lead

coming from the unit had a three pronged female plug in
order to allow a quick attachment to the electrodes.

FIGURE 6.
BIOELECTRIC MONITOR MODEL #100

Planimeter
A compensating Polar planimeter, model number 4236,
manufactured by Keuffel and Esser Company, New York City,
was used to measure the area under the curve on the electromyogram.

The operational procedure for the planimeter

was obtained from the Operational Manual publication

32
copyrighted by the manufacturer; specific instructions
were found on pages seven and eight.

The dials were

read in A, B, C, and D order (see Figure 7).

A four

digit number resulted, which was used as the computa
tional score.

The unit ratio as related to the curvi

linear paper used in the recording instrument was one
unit equals 6.25 square millimeters.

D

FIGURE 7.
POLAR PLANIMETER MODEL 4236

Summary of Equipment and Its Use
A table, showing a summary of the equipment and its
use, is presented in Table I.

This chart will serve as a

basis for the description of the procedures used to secure
the electromyograms.
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TABLE X
SUMMARY OF EQUIPMENT AND ITS USE
FOR RECORDING THE ELECTROMYOGRAMS

Equipment

Reason dr Use

Beckman Dynograph R. C.
(turned on one-half hour
previous to recording
bout for warm up)

For receiving, transferring,
amplifying and writing the
elec tromyogram.

Four complete 3-electrode
Uiits - (4 were needed to
keep a continuous flow of
subjects)

To act as a transducer for
the ion reaction at the
surface of the skin

Impedence evaluator-Model
100 (turned on one-half
hour previous to bout for
warm up)

To evaluate the inference
at the skin surface-electrode junction

Electrode Cream EKG SOL,
Burton Parson & Co.

To serve as a conductor
from the skin to the silver
disc mounted inside the
electrode housing

Self-adhering washers

For replacing the used
washers after each subject

Recording paper in the
Instrument

To record ink tracings for
the electromyograms

Effort Apparatus

For measuring the amount of
effort while the electro
myograms were being
recorded

Cardboard Templet

To gauge the distance the
electrodes should be apart

Leads from the Monitor
and Recorder

To afford quick attaching
and detaching of subjects

Double u0n Sandpaper

For preparing skin (abrasive)

Pencils and Data Sheets

To record all permanent data

Calipers

To measure Fat Fold
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Procedure used to Secure the Electromyograms
All materials were ready, an assistant was stationed
to receive and prepare the arm, an assistant was ready to
recondition the electrodes, an assistant was ready at the
effort apparatus, and the investigator was ready at the
recording instrument.
The subject was received and was given a data sheet;
he was told what the experiment was about, and his arm was
prepared for the electrodes.

The right arm was abrased with

the Double "O'* sandpaper until the skin was pink in color.
The prepared areas were midway over the belly of the
medial biceps brachii and slightly below the elbow on the
forearm (Figure 8).

FIGURE 8.
PLACEMENT OF ELECTRODES'OVER THE BELLY OF THE BICEPS
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The red and black electrodes were placed two inches
apart from center to center as determined by the templet.
The white electrode was placed slightly IMLow rtfae elbow
on the front side of the lower arm.
After the preparation, the subject moved into a
screened area for the actual recording bout.

The subject

was asked to sit on a stool and to place his right arm on
the apparatus.

His arm position then was adjusted

and checked by the assistant.

The arm was placed at

approximately a ninety degree angle between the upper arm
and the lower arm with the elbow, anterior lateral surface
of the clavicle, and the pulley in alignment with each
other (Figure 9).

FIGURE 9.
PLACEMENT OF THE ARM FOR RECORDING ACTION POTENTIALS
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The handle to the effort apparatus was placed in the
subject's hand; simultaneously the impedence monitor was
connected to the electrodes assembly.

While the monitor

was reacting to the interference pattern, a fat measure
ment was taken using the John Bull B1-205 calipers.

The

skin was gathered at a point adjacent to the lower elec
trode on the upper arm in a "pinch" fashion and the cali
pers were applied.

The fat score was recorded in milli

meters on the personal data sheet.
recorded.

The impedence was

The monitor lead was disconnected, and the

Beckman recorder lead was attached to the electrodes.
The subject was asked to pull steadily until maximum
effort was reached and to hold for five seconds.

The

clutch to the recorder was engaged at the 250 mm. per
second position.

The assistant counted the seconds and

told the subject to relax at the end of the count.
recorder was disengaged.

The

After the maximum score was

recorded, the tensiometer was reset with the indicator
hand at the value point of one-half the subject's maxi
mum effort.

The subject was asked to slowly pull to .the

half-effort point and not to go beyond.
was held for five seconds.
same paper speed.

The position

The recorder engaged at the

At the end of the count the subject

was told to relax and the recorder was disengaged.

The

effort was once again divided in half— one-quarter the
maximum effort.

The same process was used.

The entire
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process was repeated from maximum effort through onehalf effort and finishing with one-quarter effort.
The subject was disconnected from the recorder,
the electrodes were removed from the arm and passed to
the assistant for reconditioning, and the arm was
cleaned of paste.
At the end of the testing bout for each subject,
the data included:

A

the age, the electromyogram, fat

score, impedence value, the effort scores (maximum,
one-half, and one-quarter), and the information on the
personal data sheet.
Appendix B).

(Sample Personal Data Sheet in

Personal data obtained from the subjects

included name, height, weight, and the hours and type
of exercise.
The testing bouts continued the same way for each
subject.

The 106 subjects were tested within a ten

day period (103 acceptable).
Procedure for Obtaining Action Potential Scores
The effort for each level was held for five seconds,
thereby producing action potential curves of the same
duration.

The electromyogram was evaluated by measuring

the area under the curve for three of the five, seconds
recorded.

Th© planimeter was placed on the recording

The age was checked at the time the subject was
solicited.
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with the tracer point in the center of the area to be
measured.

The tracer arm and the pole arm formed a

ninety degree angle.

Then the tracer point was moved

to the baseline at the top of the area and a reading
was taken.

The tracer point was guided around the peri

meter clockwise until the starting point was reached.
The second reading was taken.

The tracing procedure

was repeated and the third reading taken.
The arbitrary score was calculated by subtracting
the first reading from the second, the second reading
from the third, and averaging the results.
The selection of the three-second consecutive time
unit was based on the most consistant and representative
pattern of the testing period.

Each unit was divided

into three seconds corresponding with the first, second,
and third time intervals.

Each second was measured and

recorded separately; however, where a total action poten
tial score was needed for analysis, all three measure
ments were combined.
In the case of the direct recording of action
potential, the scores were in terms of the number of
spikes per second.

Only the first second scores for

thirty subjects were used.
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Procedure for Analyzing the Data
The data were treated to check reliability and to
answer the specific purpose of the study as to whether
an increase in effort was associated with a proportional
increase in action potential.

The zero order correlations

technique was used to indicate the relation of the fol
lowing:
1. Relationship of the maximum effort scores on
the first test with the maximum effort
scores on the retest.

The number of

subjects used was 103.
2. Relationship of the maximum action potential
scores on the first test with the maximum
action potential scores on retest.

Thirty

subjects were used.
3. Relationship of one-half action potential
scores on the first test with the onehalf action potential scores on the retest.
Thirty subjects were used.
4.

Relationship of the one-quarter action
potential scores on the first test
with the one-quarter action potential
scores on the retest.
were used.

Thirty subjects

The fat testscores were correlated with allvariables
to determine if the thickness of the epidermis and subcu
taneous fat had any relation to the action potential scores.
Relationships were as follows:
17 Fat testscore with effort.
2.

Fat testscore with total maximum action
potential score.

3.

Fat test scores with total one-half action
potential scores.

4.

Fat test scores with total one-quarter action
potential scores.

The total action potential scores were related to
the first second score of the 3-second testing period for
each level of performance.

The relationships that were

made were as follows:
1.

Between the total 3-second scores and the
first second scores of the 3-second
testing periods at maximum level of
performance.

2.

Between the total 3-second scores and the
first second scores of the 3-second
testing periods at one-half level of
performance.

3.

Between the total 3-second scores and the
first second scores of the 3-second
testing periods at one-quarter level of
performance.
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The frequencies of the spikes were correlated with
the total action potential scores.

More specifically,

the frequency scores were compared with the total maxi
mum action potential scores, with the total one-half
action potential scores, and the total one-quarter action
potential scores.
The total action potential scores from each level of
performance were used to answer specifically the proposed
problem concerning proportional linearity.

The statisti

cal treatment was a trend analysis using the orthogonal
5
polynomial analysis of variance.

George A. Ferguson, Statistical Analysis in Psychoiogy and Education»(New York; McGraw-Hill, Inc., 1966;
p. 346.

CHAPTER IV
ANALYSIS OF DATA
The data were collected from 106 University of Mary
land students between the ages of eighteen and twenty-five
years.

The subjects were asked to exert force against a

hand tensiometer at maximum, one-half, and one-quarter
ability.

The static position was held at each level for

five seconds during which simultaneous direct and inte
grated electromyograms were obtained.

A retest, using

the same procedure, was completed without removing the
electrodes.

The recordings were taken from the medial

biceps brachii directly over the belly of the muscle.
The electromyograms were analyzed according to the pro
posed procedure for checking reliability and for drawing
inferences as related to the stated problem:

Does a

change in muscular effort produce a proportional change
in muscular action potential?
Subjects
The subjects were considered to be normal University
of Maryland students.

They reported that they partici

pated in some type of exercise ranging from two hours to
forty hours per week with an average of 5.6 hours.
mode was three hours.

The

The range, average, and mode plus
42
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all sequential data were taken from 103 subjects because
three of the original 106 subjects were dropped owing to
inadequate data.
The students classified their exercise patterns
according to whether the exercises were slight, moderate,
or heavy.

Six of the final group judged their exercise

bout as being slight, fifty-nine classified their exer
cise as being moderate, and thirty-eight marked their
exercise as being heavy.
The subjects ranged in weight from 120 to 280 pounds,
with an average of 167 pounds.

They averaged 70.3 inches

in height with a range of 62 to -79 inches.

The mean fat

test score was 4.4 millimeters.
Reliability
The relative soundness or exactness of the method
used in collecting the data was correlating the first
test scores with the retest scores.
Coefficients of correlation were made between the
first test effort scores and the retest effort scores
(N = 103, r = .923), between the first test total maxi
mum action potential scores and the retest total maximum
action potential scores (N * 30, r = .851), between the
first test total one-half action potential scores and
the retest total one-half action potential scores
(N = 30, r = .866), and between the first test total
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one-quarter action potential scores and the retest total
one-quarter action potential scores (N = 30, r = .700).
The means and standard deviations of each variable
are presented in Table II, and the correlations are pre
sented in Table III.
Thirty records were selected at random, including
ten maximum action potential, ten one-half action poten
tial, and ten one-quarter action potential.
were re-measured with the planimeter.

The scores

The two sets of

scores (test one with the retest) produced a coefficient
of correlation of r = .95.

45

TABLE II
THE TWELVE VARIABLES WITH THE MEAN
AND STANDARD DEVIATION FOR EACH
VARIABLE
1
2
*3
*4
*5
*6
*7
*8
9
*10
*11
*12

Eff 1
Eff 2
Max 1
Max Tot
% AP
% APT
\ AP
\ APT
FAT
Max 2
% A? 2
\ AP2

OBSERVED
SAMPLES
103
103
103
103
103
103
103
103
103
30
30
30

MEAN
22.50
20.94
348.00
1019.72
87.77
269.19
24.48
72.03
4.43
833.23
234.36
50.86

STANDARD
deviat :
3.51
3.53
158.59
453.29
41.84
122.27
12.03
33.96
1.27
343.91
98.26
24.29

Eff I -Maximum Effort Scores first Test in kilograms
Eff 2 -Maximum Effort Scores retest in kilograms
Max 1 -Maximum Action Potential Scores from the first
second of the 3-second testing period on the
first test
Max
Tot
--MDaximum Total Action Potential Scores from
all three seconds of first Test
\ AP - One-half Action Potential Scores from first
second of the 3-second testing period on the
first test
h APT - One-half Total Action Potential Scores from
all three seconds of first Test
\ AP - One-quarter Action Potential Scores from first
second of the 3-second testing period on the
first Test
\ APT - One-quarter Total Action Potential Scores from
all three seconds of first Test
FAT
- Fat Test score in millimeters
Max 2 - Maximum Total Action Potential Scores from all
three seconds of the retest
i.
-2 AP2 - One-half Total Action Potential Scores from all
three seconds of the retest
% AP2 - One-quarter Total Action Potential Scores from
all three seconds of the retest
*

- Action Potential Scores are arbitrary units

TABLE III
A 'matrix
VARIABLE

Eff 1

of zero order correlations obtained from twelve variables

Eff 2

Max I

Max Tot

% AP

k APT

% AP

% APT

FAT

Eff 2

0.923

Max 1

0.180

0.189

Max Tot

0* 155

0.166

0.984

% AP

0.399

0.389

0.745

0.755

h APT

0.398

0.378

0.733

0.749

0.980

% AP

0.199

0.180

0.531

0.550

0.652

0.669

% APT

0.216

0.210

0.523

0.546

0.639

0.663

FAT

0.159

0.101

-0.108

-0.131

Max 2

0.230

0.261

0.813

0.851

0.796

0.808

0.565

0.481

.169

% AP 2

0.374

0.529

0.767

0.771

0.830

0.806

0.576

0.609

- .187

\ AP

0.174

0.282

0.603

0.619

0.475

0.514

0.638

0.700

- .255

2

0.971

--0.057 ■-0.065 -0.109

-0.083
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Representative Action potential Score
Correlations were made between the first second
scores of the action potential recordings and the total
3-second action potential scores at all three levels.
The purpose of this investigation of the scores was to
determine if a one-second time interval was as represen
tative as the three-second time period.

The maximum

level relationship produced a coefficient of r = .98
(N - 103); the one-half level correlation produced a
coefficient of r - .98 (N = 103); the one-quarter level
produced a coefficient of r = .97 (N = 103).

Other

coefficients are presented in Table III,

Fat Test Score Relationships
An hypothesis was made that the thickness of the
epidermis and the subcutaneous layers between the silver
disc electrode and the muscle fibers might influence the
records.

Therefore, the fat caliper scores were related

with the action potential scores at all three levels:
maximum, one-half, and one-quarter.

The correlation

coefficients were -0.131, -0.065, -0,033 respectively
(See Table III for other coefficients).
tions were not significant.

These correla
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Impedence
With the monitor attached to the three-electrode
assembly, impedence values were read from the scale and
recorded.

The range of values was 300 kilohms to 9000

kilohms with a mean of 2530 kilohms.

No apparent trend

was indicated when the maximum first second action poten
tial scores were plotted against the impedence values for
thirty subjects; therefore, no further computations were
made (See Appendix D).

Effort Scores Related with Action Potential
The maximum effort scores were plotted graphically
with the maximum total unit action potential scores (See
Appendix £).

The effort scores ranged from fifteen kilo

grams to thirty-seven kilograms with a mean of twenty-two
and five-tenths kilograms and a standard deviation of
three and five-tenths kilograms.

The action potential

scores ranged from 224 to 2433 arbitrary planimeter
units, with a mean of 343 units and a standard deviation
of 158.59 arbitrary planimeter units.
Although the graph indicated the possibility of the
two variables having little relationship, the maximum
effort scores were correlated with the total unit action
potential scores at all three levels of performance.
The coefficients of correlation were r = .155, r = .393,
and r = .216 for maximum, one-half, and one-quarter,
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respectively (See Table III).
The frequency scores of the spikes were also corre
lated with the maximum effort scores.

The correlation

coefficient was r - .238.
A sample of thirty subjects was divided into three
groups of ten each according to the effort scores.

The

first group effort scores ranged from sixteen to twentytwo kilograms, the second group effort scores ranged
from twenty-two to twenty-four kilograms, and the third
group ranged from twenty-four to thirty-seven kilograms.
The average action potentials and the average frequency
for each group at each level of performance were calcu
lated (See Table IV).
TABLE IV
MEANS OF ACTION POTENTIAL SCORES AND FREQUENCY COUNT
OF HIGH, MEDIUM, AND LOW EFFORT SCORES
Effort Level

N Max.
APT

h

\

\

Max.
%
Freq. APT

Freq. APT

Freq,

16-22 Kg.(Low)

10 343.4

59.5

81.2

60.8 20.6

56.8

22-24 Kg.(Med.)

10 344.5

60.0

91.9

62.4 30.3

60.0

24-37 Kg.(High)

10 314.4

63.2

86.4

59.2 36.1

54.6
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The data from Table IV were plotted on Figure 10 with
three different types of lines representing the three
different groups (High, Medium, Low).
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FIGURE 10
THE RELATIONSHIP OF SPIKE FREQUENCY MEANS WITH
ACTION POTENTIAL MEANS AT ALL LEVELS OF
PERFORMANCE OF LOW, MEDIUM, AND
HIGH EFFORT GROUPS

Figure 10 indicates a tendency for linearity with
the high effort group but decided deviation from linearity
in the medium and low effort groups.
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Trend Analysis for Action Potential Scores
A multivariate analysis of variance was used to
evaluate the trend of the action potential scores.
Orthogonal polynomial contrasts, with a scale of one,
two, and four representing the corresponding one-quarter,
one-half, and maximum levels of performance, were used
to eliminate fractional computation by the computer when
applying the analysis of variance statistical treatment.
The means and standard deviations of the action potential
were computed for the three cells.

These are presented

in Table V.
TABLE V
MEANS AND STANDARD DEVIATIONS OF THE ACTION
POTENTIAL SCORES USING THE 103 SUBJECTS
FOR THE THREE LEVELS OF PERFORMANCE
Standard
Deviation

Factor

N

Mean

Max

103

1019.72

453.296

%

103

269.19

122.273

103

72.96

33.964

The data were plotted (see Figure 11) to show
graphically the relationship of the means and standard
deviations.
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ARBITRARY

ACTION

POTENTIAL

SCORE

2000 +

1500

/

1000

M= 1019.72

«r=453.29 ,

500 ■

=269.

t o o + M= 72.0

^=33.9

1/4

1/2

PERFORMANCE

MAXIMUM

LEVEL

FIGURE LI
MEANS AND STANDARD DEVIATIONS OF THE ACTION
POTENTIAL SCORES AS PLOTTED AGAINST THE THREE
DIFFERENT LEVELS OF PERFORMANCE, MAXIMUM,
ONE-HALF, AND ONE-QUARTER
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The analysis of variance was computed.
presents the results.

Table VI

A 1 represents the computational

figure and F-ratio for linear trend.

A 2 represents

the results of the computations for indicating deviations
from the trend line.
TABLE VI
FIGURES DERIVED FROM COMPUTATION OF ACTION
POTENTIAL SCORES FROM THREE LEVELS OF PERFORMANCE
ORTHOGONAL ANALYSIS OF VARIANCE

Source

Sum of the
Degree
Squares
Freedom

Within cells

22601282.00 306

A 1 linear

50571920.50

I

50571920.50

684.69

934093.31

1

934093.31

12.64

A 2 quadratic

Mean
Square

F-Ratio

73860.39

Significant F = 6.76 (1% level)

Summary of the Results
Following is a summary of the results:
1.

An orthogonal polynomial analysis of variance
treatment of the data produced two signifi
cant F-ratios.

The F-ratio for linear trend

was 684.69, and the F-ratio for quadratic
trend was 12.64.

The relationship of the maximum effort scores
with the three Levels of action potential
performance scores produced coefficients of
r = .155, r = .393, and r = .216 for maxi
mum, one-half, and one-quarter respectively.
The first second scores of the 3-second testing
period of

theactionpotential recording was

correlated with the total 3-second action
potential scores at all performance levels.
The coefficients were r = .97 or higher.
Impedence scores plotted against maximum action
potential scores indicated little relation
ship or influence.
The fat test scores produced low relationship
with all other variables.
was above
Frequency of

No coefficient

r =-.131.
thespikes in the first second

when related to action potential scores
have some linearity only at the low scores
of effort.
The data were reliable.
above r = .70.

All coefficients were

CHAPTER V
SUMMARY, CONCLUSIONS, RECOMMENDATIONS
Summary of the Study
The problem undertaken for study was as follows:
Does a change in muscular effort produce a proportional
change in muscular action potential?

A research design

was developed, using electromyography, which would pro
vide data for the study.

The problem was stated; a

review of literature was compiled; the data were col
lected and statistically analyzed; and conclusions were
drawn.
The recapitulation of the literature showed an
increasing interest in the use of electromyography from
its introduction as a research tool approximately thirty
years ago.

Because of the improvement in the field of

electronics, electromyography has at present developed
into a widely accepted technique.

Modern instrumenta

tion requires the use of a transducer, pre-amplifier,
power amplifier, and a writing unit for recording the
electromyogram.
Once the electromyograms had been obtained, there
remained the problem of exacting a method of measuring
the recording for evaluation.

In the past, researchers

have analyzed qualitatively from a direct recording;
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however, recently researchers have placed considerable
emphasis on quantitative analysis with integrated record
ings.

Whatever method of recording was used, the lite

rature indicated that small electrodes should be used for
small muscle areas and large electrodes for larger muscle
areas, and that spacing of the electrodes should be stand
ardized if any comparisons were to be made with other
research.

Additional research findings were that fatigue

had an inverse relationship on the amplitude and a de
creasing effect on the frequency of the electromyogram,
that there was enough evidence to purport no electrical
activity in a resting muscle, that some postural muscles
had activity, and that an increase in strength activities
produced an increase in action potential.

Furthermore,

among other findings, the use of electromyography for
analysis of movement was widely substantiated.

Sport

skills and specific motor movements were analyzed showing
differences of opinion on whether like patterns occurred
within individuals and between individuals.
The above findings, then, and the many unaswered
questions served as background for the present research.
A Beckman R type dynograph was used to record electro
myograms from the right medial Biceps Brachii on 103
Uhiversity of Maryland students.

The subjects were

asked to hold maximum tension at a ninety degree elbow
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flexion against a specially constructed effort apparatus
for a time period of five seconds while an action poten
tial record was taken.

The effort score was divided in

half and then in fourths.

These effort levels also were

held five seconds and recordings were taken.

The entire

bout was repeated starting at maximum effort, through
one-half effort, and to one-quarter effort.

A direct

and an integrated electromyogram were simultaneously
recorded.

In the case of the integrated record, the

area under the curve was used to obtain an arbitrary
planimeter score.

However, the direct record was ana

lyzed by counting the number of spikes.
A statistical procedure was used to analyze the
data that incorporated the use of zero order correlation
and trend analysis of variance.

The computed results

follow:
1.

An orthogonal polynomial analysis of variance
treatment of the data produced two signifi
cant F-ratios.

The F-ratio for linear trend

was 684,69, and the F-ratio for quadratic
trend was 12.64.
2.

The relationship of the maximum effort scores
with the three levels of action potential
performance scores produced coefficients of
r = ,155, r = .393, and r = .216 for maxi
mum, one-haIf, and one-quarter respectively*

3. The first second
period of

scores of the 3-second testing

the action potential recording was

correlated with the total 3-second action
potential scores at all performance levels.
The coefficients were r = .97 or higher.
4.

Impedence scores plotted against maximum action
potential scores indicated little relation
ship or influence.

5.

The fat test scores produced low relationship
with all other variables.

No coefficient

was above r = -.131.
6. Frequency of

the spikes in the first second

when related to action potential scores
have some linearity only at the low scores
of effort.
7.

The data were reliable.

All coefficients were

above r = .70.
Conclusions of the Study
The conclusions of the present study are based upon
the data that were collected and analyzed under the conditions~~previously set forth in the chapter on procedure
in an effort to answer the proposed problem:

Does a

Change in Muscular Effort Produce a Proportional Change
in Muscular Potential?

The conclusions follow:

The research pattern provided for three dif
ferent proportional levels of effort that

F

caused the muscle to produce three different
action potential levels.

The action poten

tial produced by the muscle had a non
proportional linear relationship with the
decrease from maximum effort to one-quarter
maximum effort.

Therefore, a change in

muscular effort does not produce a propor
tional change in muscular potential.
The data from this study indicated little
relationship between effort scores and
action potential scores.

Individuals that

scored the same in effort produced a wide
range of scores in action potential.
Therefore, neither action potential nor
effort can be predicted from each other.
Action potential scores obtained from a one
second period seemed to be as representa
tive as a total score from a three second
period.

Therefore, a one second action

potential recording may be adequate for
evaluating short static exercise bouts.
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4.

The impedence between the face of the electrode
and the outer surface of the skin when re
tained below 9,000 kilohms seemed to have
little effect, if any, on the action poten
tial records.

5.

An hypothesis was made that the thickness of
the epidermis and the subcutaneous layers
between the silver disc electrode and the
muscle fibers might influence the action
potential scores.

However, no evidence

was found to substantiate this hypothesis.
6.

The instrumentation and the application of the
data procurement technique for this study
proved to be reliable, which supported the
growing evidence that electromyography can
be used as an accurate research tool.

Recommendations
An observational conclusion was drawn that some
subjects seemed to be creating excessive tension for
the task at hand.

Therefore, pre-test.training sessions

might warrant investigation regardless of the simpli
city of the exercise bout.
The findings of this study suggested that studies
involving a comparison of muscles or muscle groups should
start the investigation from a maximum potential base.

This base would offer equated action potential scores,
for comparisons between muscles.
The procedure used in this study seemed to indicate
that research of this nature should have a digital
recording unit available so that numerous recordings
could be taken and more accurate evaluation of the
records could result.
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T h is t im e c o n s ta n t d e t e r m in e s th e r a te o f d e c r e a s e o f th e D . C. v o lta g e
ou tp u t. T h u s , t h e r e a r e tw o t im e c o n s ta n ts to b e c o n s id e r e d . F o r
v o lt a g e i n c r e a s e s th e c h a r g in g tim e c o n s ta n t ( 0 . 0 1 s e c o n d s , and fo r v o lta g e
d e c r e a s e s th e d is c h a r g e t i m e c o n s ta n t (0 . 1 s e c o n d s ) . T h e s p e c i f i c a n s w e r
to y o u r q u e s t io n a s t o w h e th e r t h e r e i s a la g is " y e s" .
T h e la g in r e s p o n s e o f th e a m p lif ie r s y s t e m w i l l d ep en d on w h e th e r th e
in t e g r a t e d a r e a i s i n c r e a s in g o r d e c r e a s in g , a n d w i l l b e a p p r o x im a te ly
t h r e e t i m e s th e a p p r o p r ia te t im e c o n s ta n t.
I h o p e t h is in f o r m a tio n w i l l a n s w e r y o u r q u e s tio n , a n d in v it e y o u to c a l l
or w r it e i f fu r t h e r in f o r m a tio n i s n e e d e d .
V e r y t r u ly y o u r s
B E C K M A N IN S T R U M E N T S , IN C .
E le c t r o n i c I n s tr u m e n ts D iv is io n

RC: c h i

R o b e r t C z a jk o w s k i
A p p lic a t io n M a n a g e r

APPENDIX 3
PERSONAL DATA SHEET
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DATA

SHEET

NAME: ________________________

SUBJECT NO,

DATE: ____________

TIME:

HEIGHT: ___________________

WEIGHT:

Average number of hours of exercise per week: ■
Degree of exercise:

Slight: _______
Moderate: _____
Heavy:

______

STUDY DATA:
Fat Test

---------------- 1st

Effort Test

1st

Maximum — --------

______

C%) ------

________

Comments:
Impedence:

2nd

______ _____

One-half (%) — ------One-quarter

2nd

____

APPENDIX G
RAW DATA SHEET
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RAW DATA
COLUMN

CODE

1.

Subject Identification Number

2.

First Test Effort Score

3.

Retest Effort Score

4.

Maximum First Segment Action Potential Score

5.

Maximum Unit Action Potential Score

6.

One-half First Segment Action Potential Score

7.

One-half Unit Action Potential Score

8.

One-quarter First Segment Action Potential
Score

9.

One-quarter Unit Action potential Score

10.

Fat Score in Millimeters

11.

Maximum Ufciit Action Potential Score(retest)

12.

One-half Uhit Action Potential Score (retest)

13.

One-quarter l&iit Action Potential Score
(retest)

7j
19
20
21
22
23
24
25

1 7 16
22 2 2
22 21
21 19
23 71
24 71
1 9 18
23 71
2 ft.
27
20 1 9
28
1 8 16
29.
1 8 15
33 28
30
31
25 2 4
32
1.6 1 5
73
1 9 17
34
21 19
35
22 21.
34
2 5 22
37
2 3 .70
33
23 77
39
2 7 27
4n
21 1 9
41
22 2 2
42
1 9 18
43
22 20
19 1744
A5
2 5 23
2 3 2?
46
47
2 4 71
2 3 2]
43
4°
2 3 21
RA
2 3' 2?
51
19 1 7
22 20
52
53'
2 2 71
54
26 2 6
55
28 3 2
56
27 2 3
57
■20 19
58
• 2 8 2 5.
59
2 4 22
60
20 10
■
23'.7 3
6"!
62
2 7 77
63
2 2 20
64
3 7 34
65
29 2 8
66
28. 26
67
2 3 27
68 ;
21 21
6 9 . 25 7 4
70
21 71;
71
2 5 24
~fp
15 1 3
73 .
2 3 21
74
2 7 2?
. 19 1.7
76
.

:

219
678
3? 101
551 1 557 11 1 349
46 5 1783 110 30 9
5 1.3
159
41 1 2 0
864
298
88 280
7M
75 1
5« 18 3
756
757
56 166
34 1
961
87 264
387 1 395
74 736
460 14 6 7 126 372
56 6
1 92
40 115
377 1159 177 534
53 0. 1 621 1 1 1 302
579
1 94
A 6 146
4 37
162
28
94
332
9 84 1 1 3 36 7
49 1 39
503
164
783
764
31 776
4 7 5 13 5 1 1 3 3 427
50 5
8 t 79 7
79 3
4 85 130 3
7 7 253
48 3 138 5 1 88 574
380 10 8 8
58 2 30
46 6 1 292
9 8 374
550 .184 6 142 41 5
477
2 17
4 5 147
7 60
784
7? 20 2
4 89 14 5 1 1 94 586
P 70
TOR
45 14 ^
6 6 7 1 0 1 28 3
217
69 202
1 70 ; 8 1 3
40 7 11 7 9
3 6 779
2 51
68 21 7
178
51 2 1 61 6 11.0 329
18 6
54 5
73 26 6
490 1 66 8 177 495
499 1 34 1 164 46 4
337
945
86. 7 3 4:
7 74
74
60
18
76 3
69 70 3
7 82
■3-5/4 1 090
65 72 6
369 1 140
77 2 p ?
7
4 ; 736
470
13*34
15 1
4
0 134
4 15
5
]
6
176'
7 0. 3 17
389 1 039 -136 47 7
4 51. .1360 1.3'3 408
65 3
7 6 732
204
42 6 1.35 6 125 44 9
184 . 5 8 2
6 2 181
80 0
7 60
5 7 199'
693 1837 1.60. ,52 0
49 5 1 448
91 77 5
275
86 3
46 144
79 7 1,399 103 7 8 6
707
712 6 176 38 1
257
787
5 3 191
:

9
38 41
4 3 1 35 5 4
41 10 9 60
31 47
8
30
70 33
1.4 60 66
1.4
4 2 44
73
86 4 6
7 7. 79 30
4 8 142 76
19
5 1 31
101
37
35
24
6 3 32
27 7 4
10
8
71 32
38 1 2 5 5 3
37
87 41
19
53 5 6
48 1 4 2 4 1
14
4-4 4 6
77 4 6
25
77 60
21
1.4
35 53
44
39
18
28
83 46
9
27 40
5 6 38
23
34 ■ 8 7 5 1
13
,44 5 6
r'0 6 7
16
6 4 :60
17
38 1 14 4 8
35 6 5
13
76
80: 46
4 5 1.41 50
44 118 4 8
4 2 178 3 5
28
84 .50
7 .74 74
11
3 5 34
49 5 1
19
4 7 1:56 7 5
0 2 3 7'
77
4 3 52
1'5
64 3 5
75
3 7 1 17 50
3 5 1.1 7 61
13
4 9 43
2 9 . 86 3 3
6 0 71
20
3 4 44
15
4 6 1 1 4 31
2 0 . 60. 5 4
16
50 6 6
7.4 4 4
78
7 6 m i 36
3.9 34
12
:

5 83
771
98
373
222
32
688
701
917
83
42
12 02
153
11
698
76 2
66
917
164
85
9 38
2 54
47
1213
130
38
15

97

.
1 21
29

599
79 3
26
940
293
86
1045
182
17
5 60
189
79
947
1.63
49
8 50
7 62
48
1009
1 82
56
1 647
288
23
9 54
451;
37

Z779
ro

31
82
83

9U
R5
86
87
R8
89
99
92
03
94
96
96
97
98
09
1 on
1n l
in?
10 3
104
1.0 5
106
19-'
1 Of
1 O'
11 ‘
1 17
1 12
114.
115
t 16
117
1 13
1 19
1 20
1 21
177
1 76
1 ?6

26
23
19
26
16
22
27
27
22
20
26
18
22
19
21
24
17
20
16
24
21
18
22
21
27
28
21
24
26
21
73
21
26
21
26
26
73
21
2?
23
16
22
26
22

70
20
18
23
14
24
70
20
71
IB
26
14
19
19
20
73
16
17
16
78
21
1R
70
21
26
26
1°
24
73
19
77
70
70
18
74
21
21
20
20
23
16
71
74
21

668
183
336
2 12
286
48 5
3^0
790
885
221
335
40 6
312
99
3 94
2 74
261
19 8
171
787
171
6 78
271
7 65
187
767
497
193
71 7
844

41 1
630
2 68
4 83
7 76
450
60 1
377
418
332
171
34 8
2 88
1.74

1.8 79
588
1007
683
04 R
139 6
10 60
979
1166
6 94
996
1 147
906
282
1 1 67
81 7
710
558
45 6
P r'0
5 09
1650
604
768
548
1 976
1 48 6
567
a 10
7 43 3
113ft
16 04
766
1 394
794
1 749
147 5
917
1068
1 041
50 4
900
75 4
489

177 548
54 1 96
70 198
91 313
5 5 1 49
171 338
84 306
99 773
84 248
49 154
77 7 30
88 747
96 283
40 108
84 229
96 299
56 164
57 702
47 1.56
85 .735
36 1 06
1 04 333
1 1 5 336
89 274
96
36
74 8 668
68 230
55 154
53 1 78
160 540
90 74 4
1 00 29 9
6a 18 A
5 8 187
66 26 5
109 354
110 330
67 223
95 254
148 428
36 1 19
73 72 1
60
2 17
4 6 1 60

58
70
17
25
17
70
39
34
31
15
8
44
39
7
22
47
26
17
IS
11
20
75
78
10
8
30
15
25
10
67
61
7?
10
12
20
50
26
28
21
41
20
22
14
16

14 5
62
53
85
44
61
112
86
90
38
79
] 19
118
76
69
126
69
33
66
47
59
85
87
40
25
82
51
55
36
1 Oft
87
67
75
37
64
132
83
93
58
111
47
65
46
6ft

53
55
43
56
45
36
47
37
38
41
49
44
45
39
30
36
72
56
47
93

45
490
201
.60
529
426
100

666
275
26
706
161
57
331
291
69
471
1.22
39
6 06

‘63
76
39
505
33
68
36 1511
37
36
9 78
41
78
40
81
41
37
35
70
43
27
59
50
29
34
51
32

121
92
19 3
28
1.76
36
398
57

APPENDIX D
FIRST SECOND MAXIMUM ACTION POTENTIAL SCORES
AGAINST IMPEDENCE SCORES
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POTENTIAL
ACTION
MAXIMUM

IOOO

800-

600'
»

400-

w

•

*
9

FIRST

SECOND

9

9

200

'

9

9

9

11000
| 1 I 3000
11 1 I 1
1 11 1
1 -1 9000
5000
7000
IM PEDENCE

APPENDIX E
MAXIMUM EFFORT SCORES WITH MAXIMUM ACTION
POTENTIAL SCORES
FREQUENCY DISTRIBUTIONS
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2600 -

MAXIMUM

ACTION

POTENTIAL

2100 -

1700

1300 -

900-

500 -

100

MAXIMfUM

EFFORT

II*
10-*

FREQUENCY

OF

OCCURRANCE

22

4 36
m

Aximum

effort

2500 ; n

ACTION

P O T E N T IA L

2J00
'

MMH|

1700

1300

MAXIMUM

900

50 0

100

I ‘

i

A—

5

i— I-

7

FREQUENCY

4— i— I-

■4-, - I - .!- |-

9

13

OF

II

15

OCCURRANCE

17

APPENDIX F
ELECTROMYOGRAM
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